An experiment was conducted to evaluate the best level of low tannin-sorghum grains to be included in broiler diets as a source of energy partially or completely replace yellow corn. Chemical composition and nutritional value of low tanninsorghum grains were determined. Six hundred and thirty one day old Cobb broilers were used in this study. The chicks were randomly distributed among five dietary treatments (Control and four treatments). The experimental diets contained 4 levels of low-tannin sorghum grains during each stage of the three stages of growth (starter; grower and finisher). Each dietary treatment was offered to 3 replicates each replicate contained 42 chicks housed in broiler cages. The diets were formulated to be isocaloric and iso-nitrogenous and covering the chick requirements as recommended by the management guide data of cobb chicks. The effects of different inclusion rates of low-tannin sorghum on growth performance and carcass characteristics were evaluated. The economic efficiency of replacing yellow corn by low-tannin sorghum was calculated. During the entire growth period (starter, grower and finisher), there were no significant differences in live body weight, weight gain, feed intake and feed conversion between chicks fed the control diet and those fed diets containing lowtannin sorghum up to 100%. There was also no significant difference in carcass yield at 35 days of age between birds fed the control diets and those fed diets containing different levels of sorghum. The economical efficiency study showed that replacing 50% and 25% of yellow corn with sorghum grains had the best economical efficiency and relative economical efficiency. Accordingly, this study demonstrated that lowtannin sorghum can safely be used in the broiler starter, grower and finisher rations as a substitute for yellow corn up to 100%, in spite of the exceptionally lower protein content of the sorghum, the present results confirm previous results in the livestock that low or non-tannin sorghum could partially or completely replace yellow corn in broilers rations. The fact that sorghum normally contains 10-11% CP compared to corn emphasizes the importance of using sorghum on the productive and economic efficiency of broilers especially in areas where the white skin color of broilers has consumer preference.
INTRODUCTION
Dietary energy ingredients represent the major items in feed cost in livestock and poultry operations. The poultry industry in Egypt has suffered heavy losses due to the continual increase in input prices. Apart from the increased prices of other inputs there is an estimated increase in corn and soy prices by 50% and 75% between 2008 and 2012 associated with world economic crisis; increased energy prices; increased demand for energy by emerging markets as well as the advent of the ethanol revolution. Feed cost represent about 70 to 80% of the total running cost of poultry operations. Energy sources as corn represents about 65 to 70% of the feed formulation. Thus corn as an energy source represents about 50% of the total feed cost. Livestock and poultry feed cost is likely to continue on upwards swing (Conolly, 2012) driven by the increased medium class; urbanization; change in consumer behavior and consequently increased demand for animal protein sources. Therefore, exploring the possibility of using alternative energy feed ingredients in livestock and poultry feeds either to reduce cost of production or to broaden the opportunities to nutritionists to formulate the least or the best cost rations became an urgent necessity (Nyannor et al., 2007) . Sorghum is considered to be the fifth most important crop after wheat, rice, corn and barley (Bryden et al., 2009) . Sorghum is tolerant to drought and salinity thus it occupies areas unsuitable for growing corn in stress-prone semi-arid region (FAO 2009) . Sorghum is the only cereal that contains tannins. Tannins reduced pre-harvest molding; enhance resistance to pathogens and pets; lower bird depredation and lower pre-harvest germination Taylor (2001) .
Many research workers suggest that maximum level of dietary tannins is between 3 and 2.5% on dry matter basis. Giner-Chavez (1996) however reported that levels of tannins ranging from 0.5% to 2.0% in poultry diets can cause depression in growth and egg production while levels of 3% to 7% can cause death. Tannins are phenolics that form complexes with protein thus making it resistant to enzyme digestion (Giner-Chavez 1996) . Due to plant breeding efforts the sorghum currently produced are tannin free in the U.S.; Europe (Vignau -Loustau and Huyghe 2008), Australia; India and Thailand (Awika and Rooney 2004; Subramanian et al., 2000 and Walker 1999) . Those new varieties are excellent sources of energy and protein for broilers; layers; turkeys and water fowl (Nyachoti et al., 1996) . In countries where birds' predation is a serious issue, the production of low tannin sorghum may not be of economic importance. The use of high tannin sorghum cultivates is likely to be more economical (Taylor, 2003; Kyarisiima et al., 2004) .
The nutrient profile of sorghum in terms of protein is very similar or slightly higher than corn (Kriegshauser, et al., 2006) . Amino acid digestibility compares favorably with corn, especially the newer sorghum varieties (Smith and Waldroup 1988) and (Lemme, et al., 2004) . The fat content of grain sorghum and thus the energy value for poultry is slightly lower than corn but these differences can easily balance other sources of energy as animal by products meals or oils (Beyer, 2010) . Compared to corn, grain sorghum contains reduced quantities of yellow xanthophylls. In some cases where lighter color meat products are preferred by the consumer, sorghum may be the suitable grain to use. Where color is required for some poultry products, other sources of pigments such as marigold oil, yeast products, synthetic compounds and even corn dried distillers grains with solubles (DDGS) could be used as sources for the yellow pigmentations (Beyer, 2010) .
The main objectives of this study are therefore to determine the effects on broiler performance; carcass characteristics and economic efficiency of partially or completely replacing yellow corn by low tannin sorghum.
MATERIALS AND METHODS

Experimental chicks
The present work was carried out in the poultry house in Nubaria (North West of the Nile), affiliated to the Regional Center for Food and Feed, Agric. Res. Center, Ministry of Agric., Egypt. Six hundred and thirty commercial (630) day-old Cobb broilers were purchased from (El-Wadee Poultry Company). The average initial live body weight of all birds was nearly similar (Av. 45 gm/chick). Chicks were distributed randomly among five dietary treatments (control and four tested groups). Birds were placed in brooders battery with 14 birds per compartment; nine compartments were assigned to each dietary treatment. The trial was conducted under controlled lighting period (24hrs.).
Experimental diets Sorghum:
A low or non-tannin sorghum sample of U.S. origin was donated to the Regional Center for Food and Feed by Dakahlia Poultry Company.
Sorghum was analyzed for Dry Matter (DM), Crude Protein (CP), Ether Extract (EE), Crude Fibers (CF), minerals and amino acids using standard official methods (AOAC, 2005) . A comparison between the determined chemical compositions of sorghum with that of corn based on the NRC 1994 are shown in Table 1 .
The tested diets were formulated to contain 25, 50, 75, and 100% low tannin sorghum in place of corn. These diets were formulated to cover the chick requirements according to the management catalogue for Cobb chicks as shown in Tables 2, 3 and 4. The commercial sample used in this study is of U.S. sorghum and contains 0.08% to 0.19 % tannin or less. All diets were iso-coloric and iso-nitrogenous being 3000; 3100 and 3200 Kcal ME/kg and 23%; 22% and 20% CP for starter; grower and finisher rations, respectively.
Feed and water were provided adlibitum throughout the whole growth period.
Body weight, weight gain; feed intake, feed conversion and mortality rate were recorded at 14; 28 and 35 days of age for all treatments.
At 35 days of age; three chicks from each replicate were randomly selected, slaughtered for determination of carcass traits. The weights of breast meat, thigh, drum stick, liver and gizzard were recorded.
Economical efficiency
The economic efficiency and relative economical efficiency of the various experimental diets were calculated based to both the market price kg feed and the market price kg live body weight gain.
Statistical analysis
The data obtained were subjected to a one way analysis of variance using the linear model (GLM) of SAS (SAS institute, 1991) . Treatment means were subjected to Duncan's new multiple range test (P<0.05) (Duncan, 1955) to detect the significant differences between means. 
RESULTS
The proximate analysis of sorghum compared to corn (Table 1) indicates that unexpectedly the low tannin sorghum sample used in this study was lower in its protein; ether extract (EE), Metabolizable Energy Adjusted for Nitrogen Balance (MEn), True Metabolizable Energy (TME) and Lysine content compared to corn. These differences are expected since the nutritive value of sorghum is greatly affected by the variety of sorghum; climatic and soil conditions and type of fertilizers (Aduku 1993; Tacon, 1995 and Etuk, 2008) .
The results of broiler performance in terms of live body weight (BW), body weight gain (BWG), feed intake (FI) and feed conversion (FC) for the starter period (1 to 14 days of age); the grower period (15 to 28 days of age) and the finisher period (29 to 35 days of age) are summarized in Table 5 . Starter period: There were no significant differences in body weight, weight gains, feed intake and feed conversion of chicks fed the control diet and those given diets containing 25%, 50%, 75% and 100% sorghum at 14 days of age. However, the lowest feed conversion in the starter period was observed by chicks fed the control diet. Grower period: Results showed no significant differences in the body weight, weight gain, and feed intake and feed conversion for chicks fed either the control diet or diets containing 25%, 50%, 75% and 100% sorghum. Finisher period: There were no significant differences in body weight, weight again, feed intake and feed conversion for chicks fed either the control diet or diets containing 25%, 50%, 75% and 100 % sorghum, respectively
The performance of broiler given the low tannin sorghum was encouraging. The growth rates of birds subjected to the different levels of sorghum and those chicks fed control diet were almost similar without any significant differences among treatments. The final bird weight and feed efficiency ratio didn't vary among birds given yellow corn diet or those given diets containing low tannin sorghum (Table 5 ). These data suggest that low tannin sorghum can replace yellow corn up to 100% without any adverse effects on chick performance.
The mortality rate ranged between 0-4.7% during the whole experimental period among chicks given the 5 experimental diets. Carcass characteristics: Table ( 6) summarizes the percentages of different parts and organs of broiler chicks fed the experimental diets at 35 days of age.
Dressing percentage, breast meat, drum sticks, thigh, liver and gizzard weights were not significantly different among birds given different levels of sorghum or those given the control diet. Dressing percentage of the control group was 75.13% while it was 76.46, 76.15, 76.50 and 76.53% for those fed 25%, 50%, 75% and 100% sorghum, respectively. Economical evaluation: Data concerning the economical evaluation of feeding broilers different experimental diets to 35 days of age as affected by substituting yellow corn partially or totally by low tannin sorghum are presented in Table ( 7) .
It is obviously that the inclusion of low tannin sorghum in the dietary treatments decreased production costs as compared to that of control. Average economical efficiency values of different treatments (feed/kg gain) being the best for broiler fed diets contained 50% sorghum followed by those contained 25%. The lowest economic efficiency value was recorded for chicks given diets containing 75% or 100% sorghum grains.
For the relative economical efficiency, averages of improvement due the dietary treatments ranged between 2.67% and 10%, being the best for chicks given diets containing 25% sorghum grains.
DISCUSSION
The present results indicated that low tannin sorghum can safely be used in the starter, grower and finisher broiler rations as a replacement for corn up to 100%, in spite of its slightly low protein content of the sorghum sample used in the present study. Sorghum with high protein content could be included in poultry feeds as a tool to reduce cost of production associated with decreased level of dietary soy meal supplement. These results agreed with those obtained by Titus and Fritz (1971) , Gualtieri and Rapaccini (1990) , and Subramanian and Metta (2000) who stated that birds fed diets containing high level of sorghum (low tannin) performed similar to those given corn in terms of weight gain, feed consumption and conversion. Also, the present results agreed with those reported by Thakur et al., (1984) and Rama Rao et al., (1995) who stated that low tannin sorghum can replace maize from 50 to 70% without adverse effect on broiler performance. Shelton et al., (2004) stated that pigs fed corn and non-waxy sorghum had similar growth and carcass traits. Douglas et al., (1990) concluded that grain sorghum has nearly similar nutritive value to yellow corn when fed to boilers. For the carcass yield the present results agreed with those of Subramanian and Metta (2000) , who stated that carcass yield, carcass fat, gizzard and liver were not significantly different among chick given corn diets compared to these given low tannin sorghum diets. The dressing percentage values obtained in this study were almost similar to those reported for broiler chicks by Marion and Woodroof (1966) .
The present study demonstrated the economic advantage of replacing yellow corn by sorghum in diets for broilers. In this respect, Hala (1998) found that, low tannin sorghum can be used in the diet of broilers at level up to 100% with no obvious deterioration of economical efficiency.
Conclusions
In spite of, the low protein content of the low tannin sorghum used in the present work, the present results demonstrated that low tannin sorghum could completely substitute corn in broiler diets without any obvious deterioration on broiler productive performance and carcass characteristics. Replacing 50% and 25% yellow corn with low tannin sorghum gave the best results for economic efficiency and relative economical efficiency. More researches are needed however to explore the possibility of using other varieties of sorghum grains in different poultry species. 
